Coesite-bearing eclogite samples from the Chinese Continental Scientific Drilling main hole (100-2000 m) were examined. Three major evolutionary stages are distinguished from mineral assemblages and textural relations.
Introduction
ULTRAHIGH-PRESSURE METAMORPHISM is interpreted to reflect subduction-zone (>27 kbar) conditions under which crustal rocks are transformed at least partially to coesite-and/or diamond-bearing assemblages Coleman and Wang, 1995; Liou et al., 1997 Liou et al., , 1998 Liou et al., , 2004 Ye et al., 2000a) . As the recognized largest UHP metamorphic terrane in the world, the Dabie-Sulu metamorphic belt in east-central China formed as a result of continental subduction and collision between the North China and Yangtze blocks ( Fig. 1 ; Liou et al., 1994 Liou et al., , 1995 Ernst and Liou, 1995; Hacker et al., 1995; Cong et al., 1996) . The DabieSulu UHP terrane includes extensive occurrences of coesite inclusions in garnet, omphacite, and kyanite in eclogite or mafic-ultramafic rock, jadeite in quartzite, dolomite + aragonite in marble (Okay et al., 1989; Wang et al., 1989; Wang and Liou, 1991; Schertl and Okay, 1994 ; R. Y. Zhang et al., 1995; Liou et al., 1997; Z. Zhang et al., 2000) , and coesite inclusions in zircon from orthogneiss (Ye et al., 2000b; Liu et al., 2001) . Microdiamond inclusions in garnet in eclogites have also been reported (S. Xu et al., 1992 Xu et al., , 2005 . Geochronological studies indicate that the UHP metamorphic event occurred during the Triassic (210-230 Ma; e.g., Li et al., 1993; Ames et al., 1996; Chavagnac and Jahn, 1996; Hacker et al., 2000; Jahn et al., 2003a Jahn et al., , 2003b Liu et al., 2004a Liu et al., , 2005 . Stable isotope analyses show that some eclogites and associated rocks have unusually low δ 18 O values (e.g. -10‰), indicating that their protoliths were altered by meteoric water in a cold climate prior to subduction (Yui et al., 1995; Zheng et al., 1996; Rumble and Yui, 1998) .
The record of pre-peak stage for UHP rocks from the Dabie-Sulu terrane has been inferred from prograde growth zoning of garnet and inclusions in peak stage minerals, such as garnet and omphacite (Wang and Liou, 1991; Wang et al., 1992; Enami et al., 1993; Okay, 1993; Cong et al., 1995; R. Y. Zhang et al., 1995; Yang and Jahn, 2000; Z. Zhang et al., 2005) . In general, a tight hairpin-style P-T path has been inferred for metamorphic evolution of the UHP rocks (Carswell and Zhang, 2000) . However, this type of P-T path may be invalid, and a more open style clockwise P-T path could be more realistic (Carswell and Zhang, 2000) . Mineral parageneses and textural relations preserved in UHP eclogites and associated rocks are often used to deduce metamorphic P-T paths, which are critical in the construction of tectonic models. The Chinese Continental Scientific Drilling (CCSD) borehole, located in Donghai of the southern Sulu UHP metamorphic terrane ( Fig. 1) , provides an excellent chance to study the P-T history of UHP eclogite, with implications for subduction and exhumation processes.
In this work, we examined the mineral assemblages and textural relations of some coesite-bearing rutile and phengite eclogite samples from the CCSD main hole (100-2000 m) in order to understand the P-T evolution of the metamorphic terrane. Preliminary work for the CCSD core samples has been done on general petrography and deformation analysis You et al., 2004) , geochemistry (Liu et al., 2004b; , and the detailed determination of an inclusion assemblage in zircon (Liu et al., 2002) . However, the UHP metamorphic P-T history has not yet been deciphered. Thus, in this study, eclogite samples from the CCSD borehole are selected for further work inasmuch as they preserve parageneses of pre-peak, peak, and retrograde stages and reaction textures, which are particularly appropriate for reconstructing the P-T history.
Geological Setting and CCSD Sample Location
The Sulu UHP metamorphic terrane is the eastern extension of the Qinling-Dabie collision zone, sinistrally displaced to the northeast by the largescale Tan-Lu fault in eastern China (Fig. 1) . The Sulu belt consists of amphibolite-facies granitic orthogneiss, paragneiss, amphibolite, and marble, in which abundant coesite-bearing eclogite, kyanite quartzite, and UHP garnet peridotite/pyroxenite occur as lenses, layers, or blocks (Hirajima et al., 1990; Yang et al., 1993; R. Y. Zhang et al., , 1995 R. Y. Zhang et al., , 2003 Liou et al., 1995; Cong et al., 1996; Yang and Jahn, 2000) . An in situ regional UHP metamorphism has been inferred based on the extensive occurrence of coesite inclusions in zircons from country gneiss (Ye et al., 2000b; Liu et al., 2002 Liu et al., , 2004a . U-Pb and Sm-Nd chronology suggests that the UHP metamorphism of the Sulu belt occurred at 220-240 Ma, and the protolith ages of eclogite and country rock are 700-800 Ma Ames et al., 1996; Hacker et al., 1998; Ayer et al., 2002; Liu et al., 2004a Liu et al., , 2005 .
UHP metamorphism of coesite-bearing eclogite in the Sulu UHP terrane has been considered to have occurred at 700-890ºC and 28-40 kbar (R. Y. Zhang et al., 1995; Z. Zhang et al., 2000) . However, garnet peridotite and pyroxenite record higher peak P-T conditions of 750-950ºC and 40-65 kbar, as indicated by various P-T calculations and mineral exsolution textures (Yang et al., 1993; Liou et al., 1998; R. Y. Zhang et al., , 2005 ; R. Y. Zhang and Liou, 1999; Yang and Jahn, 2000; Ye et al., 2000a) . This suggests that UHP metamorphism might have occurred at depths of >180-200 km. Lower pressure inclusion mineral assemblages and prograde garnet growth zonation were preserved in a few eclogites and garnet peridotites, which provide important information of early evolution history R. Y. Zhang et al., 1995 Wallis et al., 1999; Yang and Jahn, 2000) . The Sulu eclogites have experienced either granulite-or amphibolite-facies overprinting (Wang et al., 1993; R. Y. Zhang et al., 1995; Cong et al., 1996; Banno et al., 2000; Faure et al., 2001 ). Thus, different P-T paths are deduced to explain post-peak evolution, with decompression on minor heating (Banno et al., 2000) , or minor cooling (Yao et al., 2000; Z. Zhang et al., 2005) , or involving an initial stage of isothermal decompression followed by a later stage of near isobaric cooling (Yang, 2004) .
A regionally consistent south-dipping mineral stretching lineation is most characteristic in the Sulu terrane. This structural feature is preserved in eclogites and country gneisses; hence it indicates a top-to-the-northwest sense of ductile shear deformation (Faure et al., 2001; Zhao et al., 2003) . This is compatible with the southeast-plunging regional mineral elongation lineation in association with a top-to-the-north sense of shear, synkinematic with D2 deformation in the Dabie area (Xue et al., 1996) . However, Faure et al. (2001) considered that the top-to-the-northwest ductile deformation was primarily coeval with retrograde amphibolite facies metamorphism, whereas Zhao et al. (2003) suggest that the main ductile shear deformation probably took place under UHP conditions.
A lithological column (0-2000 m) of the main hole of CCSD is shown in Figure 2 . The column was divided into four petrotectonic units by Xu et al. (2004) : Unit I (0-738 m) is rutile eclogite, with interlayers of ultramafic rock and rare gneiss; Unit II (738-1113 m) is paragneiss, interleaving with some rutile eclogite and minor ultramafic rock; Unit III (1113-1600 m) is granitic orthogneiss, and minor paragneiss; Unit IV (1600-2000 m) is phengite eclogite, with paragneiss and granitic orthogneiss as interlayers.
Petrographic Features
Eighteen eclogite core samples of the present study (Fig. 2 ) may be divided into rutile and phengite eclogites based on their mineral paragenesis You et al., 2004) . Representative microphotographs of rutile and phengite eclogites are shown in Figure 3 and Figure 4 , including one completely retrograde eclogite in order to demonstrate some aspects of retrograde metamorphism. Mineral abbreviations are after Kretz (1983) .
Rutile eclogite
Rutile eclogite mostly occurs in Unit I (0-738 m), in which some traces of early deformation and fabrics were recognized by Xu et al. (2004) . N-Sstriking, steep east-dipping foliations and horizontal mineral stretching lineations are characteristic. The rutile eclogite is distinguished from phengite eclogite by the presence of abundant rutile (4-5 vol%) as a key component.
Sample B45-a (178 m) . This is a weakly retrograded eclogite, and consists mainly of coarsegrained garnet and omphacite, with minor rutile, apatite, quartz, phengite, amphibole, and much less plagioclase, K-feldspar, paragonite, and zoisite. According to the textural equilibrium and the presence of quartz inclusions in garnet with typical radial fractures suggestive of coesite pseudomorphs, the peak UHP assemblage can be inferred as garnetomphacite-rutile-apatite-phengite-coesite. The pre-peak prograde assemblage is inferred from inclusions preserved in peak coarse-grained garnet and clinopyroxene grains. For instance, small euhedral amphibole grains occur as inclusions in garnet (Fig.  3A) , whereas an amphibole inclusion together with a garnet occurs in a coarse-grained clinopyroxene with extensive fractures (Fig. 3B ). This texture suggests prograde dehydration reaction as follows:
Apatite, rutile, and phengite inclusions are also present in coarse-grained garnet (Figs. 3C and 3D ). Given the observed consistent fabrics in garnet grains in association with D2 deformation, the fabric is thus inferred as S2 (Fig. 3C) . In addition, a finegrained paragonite flake occurs as an inclusion in a coarse clinopyroxene grain, and implies another possible prograde dehydration reaction as follows:
Thus, pre-peak prograde assemblage may be inferred as amphibole and paragonite. The post-peak assemblage is defined by the interstitial K-feldspar-quartz assemblage ( Fig. 3E ) and corona or symplectite assemblages after peak mineral grains. For example, amphibole-plagioclase symplectite replaced clinopyroxene and amphibole surrounded garnet (Fig. 3F) , suggesting a retrograde back reaction (Ernst and Liou, 2000) as follows:
Zoisite coronas on garnet grains and biotiteplagioclase symplectite on phengite flakes are also present. They suggest the following post-peak back reactions, respectively: 
Phn → Bt + Pl.
In addition, rutile is typically rimmed by ilmenite, and apatite develops fine pyrite exsolution rods/needles in preferred orientation. These textures may reflect rapid retrograde decompression.
Sample B262-d (533 m) . The sample is a weakly to strongly retrograded eclogite, composed mainly of garnet and clinopyroxene, with minor rutile, phengite, pyrite, and apatite. Assemblages and textures are similar to those of sample B45-a. This sample is characterized by a preferred alignment of peak assemblages, whereas the clinopyroxene grains show strong elongation and ductile deformation. In the weakly retrograde zone, garnet grains contain pseudomorphs after coesite with radial fractures (Fig. 4A ), or very fine grained coesite, rutile, and clinopyroxene inclusions (Fig. 4B) . The coesite pseudomorphs suggest the coesitequartz transformation reaction during initial postpeak decompression: Similar to sample B45-a, retrograde symplectite assemblages of biotite-plagioclase on phengite flakes, amphibole-plagioclase on clinopyroxene grains, and thin coronas of amphibole on garnet grains and ilmenite on rutile grains are also present. However, in the strongly retrograded zone, clinopyroxene grains have been replaced by a fine-grained secondary clinopyroxene-plagioclase assemblage, with only preservation of the pseudomorphed texture of clinopyroxene grains. This texture may have formed through a post-peak decompression metamorphic reaction as follows:
A similar texture has been described by Yang (2004) from the southern Sulu region, which was interpreted to have been formed via metasomatism as a result of fluid activity along grain boundaries. 
Phengite eclogite
Phengite eclogite is the principal rock type of Unit IV (1600-2000 m). The presence of abundant phengite and minor fine-grained rutile is characteristic. Some parallel-aligned phengite flakes are inferred to represent an early foliation by You et al. (2004) , whereas strongly elongated garnet and omphacite grains lying in the foliation plane suggest that peak UHP metamorphism was synchronous with compression structures. Due to abundant phengite, the protolith of the phengite eclogite is inferred to be crust-derived (e.g., You et al., 2004) .
Sample B854-a (1645 m) . This is a weakly retrograde eclogite, composed of garnet, omphacite, and phengite, with minor rutile, apatite, quartz, K-feldspar, and trace amphibole and albite. The peak assemblage is Grt + Omp + Phn + Rt + Ap. The coarse-grained garnet and omphacite are elongated and show ductile deformation, whereas phengite flakes display kinks, and show undulose extinction, probably resulting from ductile deformation. Occasionally, in low strain bands, some coarse phengite flakes show optical zoning with the development of a fine-grained symplectite assemblage of K-feldsparalbite (Fig. 4C ). This texture could have formed as a result of post-peak decompressional partial melting (Harley and Carswell, 1995; Ye et al., 2001) , through a reaction of:
Garnet is rimmed by amphibole, and omphacite is replaced by fine-grained symplectite of Amp+Pl at the grain margin, suggesting that the rock also underwent retrograde metamorphism described by reaction (3). In addition, fine-grained rutile shows thin ilmenite coronas in the rim, and ilmenite exsolution in rutile.
Sample B857-a (1649 m) . This sample has an assemblage and textural feature similar to sample B854-1. However, a sinistrally sheared brittle fracture zone is developed across the entire fabric of sample B857-a (Fig. 4D) . Because the major fabric preserved in coarse clinopyroxene grains might have formed as a result of D2 deformation, the shear band infilled by calcite-dominated retrograde minerals indicates a late retrograde fabric consistent with an S3 foliation.
Sample B1012-e (1929 m) . The sample is a weakly retrograde kyanite-bearing phengite eclogite. The peak assemblage is inferred as garnetomphacite-phengite-kyanite-apatite from equilibrated textural relationships. Rutile normally occurs as very fine grained inclusions in garnet grains. Garnet, omphacite, and phengite show ductile deformation. Some coarse-grained kyanite grains exhibit simple twinning, and contain omphacite or phengite inclusions (Fig. 4E) . The texture suggests a possible prograde reaction as follows:
Similarly, the development of a thin amphibole corona on garnet, fine-grained symplectite of amphibole-plagioclase on omphacite, and K-feldsparalbite on phengite may be the result of retrograde reactions.
Completely retrograded eclogite
Eclogititic minerals in extensively retrograded eclogite have been completely replaced by amphibolite-facies mineral assemblages. The rock looks like a gneiss without any relics of UHP minerals.
Sample B389-d (741 m) . This sample occurs as a thin layer within the paragneiss at the top of Unit II of the CCSD lithological column (Fig. 2) . It is mainly composed of amphibole and plagioclase, with minor epidote, biotite, quartz, titanite, and accessary zircon. The contour shape of Amp + Pl intergrowths indicates that it is a pseudomorph after omphacite or garnet (Fig. 4F) . Coesite inclusions in zircon suggest that this rock experienced UHP metamorphism (Liu et al., 2003) . Completely retrograded eclogites with similar assemblages and textural features from the Dabie UHP terrane have also been reported by R. Y. Zhang et al. (2003) , and the transformation from quartz eclogite to gneiss was attributed to fluid infiltration and metasomatism along grain boundaries and fractures during the retrograde stage.
Mineral Chemistry
Mineral composition analyses were undertaken on a JEOL JXA-8900R electron microprobe at the Institute of Earth Sciences, Academia Sinica. Working conditions were 10-nA electron beam current, and an accelerating voltage of 15 kV. The results of typical mineral compositions for the CCSD core samples B45-a and B854-a are listed in Table 1 .
Garnet
An increase of the X Mg (= Mg/Mg + Fe 2+ ) value in a garnet grain from core to rim is usually considered as growth zonation resulting from prograde metamorphism. For both rutile and phengite eclogites Cpx(r) = clinopyroxene rim; Amp(s) and Pl(s) = amphibole and plagioclase in symplectite, respectively, on clinopyroxene; Ksp(i) = interstitial K-feldspar; Phn1 = phengite core; Phn2 = phengite rim. from the CCSD borehole, garnet grains exhibit an increase of X Mg from the core to rim. The X Mg value of rutile eclogite sample B45-a increases from 0.219 in the core to 0.237 in the rim, whereas the X Ca value (= Ca/Mg + Fe 2+ +Ca+Mn) decreases from 0.368 in the core to 0.322 in the rim (Table 1) . The garnet inclusion in coarse-grained clinopyroxene for sample B45-a has an X Mg of 0.217, similar to that of garnet core, but an X Ca of 0.329 between the core and rim. Likewise, for phengite eclogite sample B854-a, X Mg increases from 0.343 in the core to 0.426 in the rim, whereas X Ca increases slightly from 0.261 in the core to 0.269 in the rim. For sample B854-a, the garnet core contains a higher TiO 2 (0.10 wt%) than the garnet rim (0.01 wt%; Table 1 ).
In addition, supersilicic garnet is often called majoritic garnet and interpreted as formed under UHP conditions (e.g., R. Y. Zhang and Liou, 1999) . Majoritic garnet has been used to infer UHP conditions during continental deep subduction (Ye et al., 2000a; R. Y. Zhang et al., 2005) .. R. Y. reported supersilicic garnet of very high Si content (up to 3.058 per formula unit) in eclogite from the Yangkou ultramafic complex, and interpreted the presence of a majorite component. In this study, a garnet inclusion in coarse clinopyroxene in sample B45-a has a high Si content of 3.044 p.f.u., whereas a small garnet grain in sample B854-a shows an even higher Si content of 3.059 p.f.u. (Table 1) . They are similar to the supersilicic garnet reported by R. Y. . This confirms that peak metamorphism in the southern Sulu region reached UHP conditions.
Clinopyroxene
Clinopyroxene is omphacitic, and the jadeite component was calculated on the basis of Jd = Al VI /(Na+Ca) (Liou et al., 1997) . The jadeite component generally increases from core to rim. For sample B45-a, it increases from 46.1 in the core to 48.4 in the rim (Table 1) . Accordingly, its X Al (=Al/2 per 6 oxygen) value increases from 0.228 in the core to 0.236 in the rim, whereas X Mg decreases from 0.660 in the core to 0.646 in the rim. For sample B854-a, the jadeite component increases from 55.3 in the core to 58.6 in the rim. The X Al value increases from 0.248 in the core to 0.256 in the rim, whereas the X Mg value shows a slight increase from 0.798 in the core to 0.807 in the rim.
Phengite
The Si content in eclogitic phengite is an indicator of metamorphic pressure. In the southern Sulu UHP terrane, high-Si phengite has been suggested to have formed at peak UHP stage (e.g. Z. . A small amount of coarse-grained phengite flakes are also recognized in rutile eclogite. For sample B45-a, phengite has a high Si value of 3.52 p.f.u. (O = 11) in the core, and 3.65 p.f.u. in the rim (Table 1) . Peak phengite flakes are more abundant in the phengite eclogite. For sample B854-a, the Si value in phengite indicates a similar variation with an increase from the core (3.49 p.f.u.) to the rim (3.61 p.f.u.).
Amphibole
Amphibole occurs as pre-peak stage inclusions in coarse-grained garnet or as a retrograde symplectitic phase after omphacite. For sample B45-a, according to the nomenclature of amphiboles of Leake et al. (1997) , amphibole inclusions in garnet are ferro-edenite and ferro-pargasite. They have a lower SiO 2 content (37.33 wt%) and a higher Al 2 O 3 content (19.30 wt%) than symplectitic magnesiohornblende (48.86 wt% and 8.54 wt%). Accordingly, the amphibole inclusion in garnet has a much lower X Mg value of 0.338 than that (0.601) of symplectitic hornblende. A small euhedral amphibole inclusion in garnet is similar in composition to the mantle-derived amphibole reported by R. Y. .
Other minerals
Paragonite (Pg) occurs as a fine-grained flake inclusion in a coarse clinopyroxene grain in sample B45-a, with a Na 2 O content of 7.10 wt%. Plagoclase occurs mainly as retrograde phase in symplectite assemblages, and contains a considerable amount of CaO (Ca/Ca+Na = 0.14) in sample B45-a. K-feldspar occurs as interstitial phase between garnet and clinopyroxene in sample B45-a, and is nearly pure K-feldspar.
P-T Estimates and Possible P-T Paths
The inferred texturally equilibrated mineral assemblages constrain the metamorphic P-T conditions for pre-peak prograde stage, peak UHP stage, and retrograde stage. Possible P-T paths of rutile and phengite eclogites are derived from the P-T estimates of different metamorphic stages listed in Table 2 .
Pre-peak prograde stage (I)
Inclusion assemblages and mineral compositions allow determination of P-T conditions for the prepeak metamorphic stage. For the rutile eclogite sample B45-a, fine-grained euhedral amphibole inclusions in garnet produced an average pressure of ~13 kbar via the Al-in amphibole barometers (Hammarstrom and Zen, 1986; Hollister et al., 1987; Johnson and Rutherford, 1989) . The corresponding temperature of ~910ºC was obtained from the amphibole composition and composition of the garnet core in contact with amphibole via the GrtAmp thermometer of Perchuck et al. (1985) . This temperature is considered more reasonable than an anormously high T estimate (1132 ºC) produced using the Grt-Amp thermometer of Graham and Powell (1984) (Table 2 ). The temperature estimate of ~910 ºC is consistent with the hypothesis that the amphibole inclusion in garnet was mantle-derived, and may be stable up to ~900 ºC at upper mantle conditions (Ernst, 1999) . Peak UHP stage (II) P-T conditions for the peak UHP metamorphic stage are calculated from the core and rim compositions of minerals of prograde growth zonation, in which reference pressures are produced using the phengite Si barometer of Massone and Schreyer (1989) . For rutile eclogite sample B45-a, a nearpeak reference pressure is estimated at ~30 kbar from a low-Si phengite core composition, whereas a peak reference pressure of ~37 kbar is yielded from a high-Si phengite rim composition ( Table 2 ). The garnet core and clinopyroxene core compositions produced a near-peak temperature of ~860ºC at ~30 kbar, and a Grt (rim)-Cpx (rim) pair yielded a consistent peak temperature estimate of ~910ºC at ~35 kbar from the Grt-Cpx thermometers of Powell (1985) , Krogh (1988) , and Pattison and Newton (1989) .
For phengite eclogite sample B854-a, a nearpeak reference pressure is estimated as ~28 kbar from a low-Si phengite core composition, whereas a peak reference pressure of ~35 kbar is yielded from a high-Si phengite rim composition (Table 2) . A near-peak temperature of ~750ºC at ~30 kbar is obtained from a garnet core composition and a clinopyroxene core composition, whereas a consistent temperature-up estimate of ~850ºC at ~35 kbar is produced from a Grt (rim)-Cpx (rim) pair using the Grt-Cpx thermometers of Powell (1985) , Krogh (1988) , and Pattison and Newton (1989) . The P-T estimates show that the peak UHP stage might comprise a near-peak UHP stage (IIa) and a real peak UHP stage (IIb). An obvious increase in both pressure and temperature is indicated from the nearpeak to the peak UHP stage. This is compatible with prograde mineral zoning preserved in coarse garnet and clinopyroxene grains and in phengite flakes.
Post-peak retrograde stage (III-IV)
The retrograde stage is characterized by the development of symplectite assemblages such as amphibole-plagioclase on peak clinopyroxene, biotite-plagioclase, and K-feldspar-albite on phengite, and thin coronas of amphibole on garnet and ilmenite on rutile. Based on the Amp-Pl thermometer of Blundy and Holland (1990) , we obtained a post-peak P-T condition at 7-9 kbar and 530-560ºC for an equilibrated symplectite assemblage of amphibole-plagioclase on peak clinopyroxene in the rutile eclogite sample B45-a (Table 2) . A post-peak initial stage (III) is only inferred. In this case, a much lower P-T estimate of 530-560ºC at 7-9 kbar from symplectite assemblage of amphibole-plagioclase was obtained, which may reflect the conditions of a late retrograde metamorphic stage (IV).
The above P-T estimates agree with the results (700-890ºC and 28-40 kbar) obtained for the eclogites from other parts of the Sulu UHP terrane (R. Y. Zhang et al., 1995; Z. Zhang et al., 2000) . Consequently, possible prograde and retrograde P-T paths for the UHP eclogite from the main hole of CCSD may be derived (Fig. 5) . For instance, inasmuch as phengite eclogite (sample B854-a) was crustally derived, an initial prograde low P-T part (I) may be inferred, and thus rutile and phengite eclogites might have experienced distinct pre-peak initial prograde P-T stages (Fig. 5A ). However, due to lack of constraints of assemblages and textures on the path between I and IIa for the rutile eclogite (sample B45-a), the initial prograde P-T stage of near isothermal increasing pressure or first temperature decrease, then pressure increase is uncertain (Fig.  5A ). The P-T estimates from core and rim compositions of prograde mineral zonation indicate that both rutile and phengite eclogite underwent near-peak prograde heating accompanied by an increase in pressure, to attainment of the real peak UHP stage (IIb), but the rutile eclogite experienced a higher temperature and a slightly higher pressure with respect to phengite eclogite. Although post-peak P-T evolution is not well constrained, a post-peak decompression accompanied by cooling can be inferred for rutile and phengite eclogite, because they probably experienced similar post-peak retrograde processes during exhumation of the UHP terrane. The inferred post-peak P-T path is also compatible with other well-constrained post-peak evolution (e.g., Zhang et al., 1995) .
Nevertheless, an alternative P-T path for the rutile and phengite eclogites could be constructed, if the euhedral amphibole inclusions in garnet grains formed as part of post-peak retrograde assemblages due to the development of fractures in the host garnets. If so, the P-T estimates of ~910ºC and 13 kbar might reflect post-peak P-T conditions for a first retrograde stage (III) (Fig. 5B) . In this case, rutile and phengite eclogites followed the same prepeak prograde and retrograde P-T paths with nearly isothermal post-peak decompression followed by near isobaric cooling (Fig. 5B) . Banno et al. (2000) suggested that eclogites from the northern Sulu belt experienced a post-peak retrograde P-T path of near isothermal decompression and passed through the granulite facies field. However, there is also evidence for different thermal histories between the eclogites from the southern Sulu belt (CCSD locality) and the northern Sulu belt, and the southern Sulu belt did not experience a granulite-facies overprinting during the retrograde metamorphic stage (e.g., Yang, 2004) . Therefore, we consider the first P-T path shown in Figure 5A more likely.
Furthermore, the following considerations support our preference above. (1) Small euhedral amphibole inclusion should be part of the pre-peak assemblages rather than the retrograde assemblages, because no retrograde symplectite assemblages occur along fractures. (2) Amphibole may be stable up to ~900 ºC at upper-mantle conditions (Ernst, 1999) , and the amphibole inclusion in the garnet is similar in composition to the mantle-derived amphibole reported by R. Y. , and thus it may be mantle-derived. This is also compatible with the suggestion that rutile eclogite in the CCSD main hole is mantle-derived . (3) The high temperature of ~910ºC is also consistent with upper-mantle conditions. (4) The amphibole inclusion in garnet as part of pre-peak assemblages is compatible with the preservation of prograde growth zonation.
The rapid subduction and post-peak fast exhumation is likely responsible for the preservation of prepeak inclusion assemblages and prograde mineral growth zonation, as a result of continental collision of the North China and Yangtze blocks during the Triassic (210-230 Ma). The presence of post-peak hydrous mineral assemblages may be attributed to metasomatism through fluid input during the retrograde metamorphic stage. In addition, rutile eclogite at upper structural levels shows higher temperature conditions than phengite eclogite at lower levels, suggesting that overthrusting may have occurred for different UHP eclogite slabs attending subduction.
Conclusions
The present study reveals that the eclogites from the CCSD main hole (100-2000 m) underwent three major metamorphic evolutionary stages: prograde, peak UHP, and retrograde stages.
1. The pre-peak stage is marked by small paragonite and euhedral amphibole inclusion assemblages in coarse-grained peak assemblages in rutile eclogite. P-T conditions of the pre-peak stage (I) are estimated as ~910ºC and ~13 kbar.
2. The peak UHP stage (II) is dominated by the development of the equilibrated assemblage of Grt + Cpx/Omp + Phn + Rt + Ap + Coe/Qtz pseudomorphs ± Ky. P-T conditions of the near-peak stage (IIa) arẽ 860ºC and ~30 kbar for rutile eclogite, and ~750ºC and ~28 kbar for phengite eclogite, respectively, whereas P-T conditions of the peak UHP stage (IIb) are ~910ºC and ~37 kbar for rutile eclogite, and 850ºC and ~35 kbar for phengite eclogite. 3. The post-peak stage is related to the formation of decompression textures via back reactions, such as fine-grained symplectites of Amp-Pl on clinopyroxene/omphacite and Bt-Pl on phengite, and thin coronas of amphibole or zoisite on garnet and ilmenite on rutile. P-T conditions of the post-peak stage (IV) are 530-560ºC and 7-9 kbar.
4. The presence of K-feldspar-Ab symplectite on phengite, and minor interstitial K-feldspar implies that post-peak decompressional partial melting might have occurred locally during the rapid exhumation of subducted UHP slab.
5. Two types of P-T path have been derived for rutile and phengite eclogites. The first type shows distinct pre-peak evolutionary stages but compatible near-peak to post-peak decompression-cooling paths. The second type indicates that they might have had a shared P-T path from the pre-peak stage through the peak UHP stage to the post-peak stage of initial near-isothermal decompression, and subsequent near-isobaric cooling. The first set of P-T paths is preferred here, inasmuch as it is consistent with preservation of prograde mineral growth zoning, and an increase in pressure and temperature from near-peak to peak UHP stage.
Consequently, this research for the assemblages and textures of eclogites from the CCSD main hole suggests that subducting crustal slabs suffered in situ Triassic subduction-zone UHP metamorphism resulting from continental deep subduction and collision between the North China and Yangtze blocks. FIG. 5. (from preceeding page) Possible P-T paths experienced by the rutile and phengite eclogites from the main CCSD borehole in Donghai (modified after R. Y. Zhang et al., 1995) . A. P-T paths with different initial prograde stages for rutile and phengite eclogites. B. Similar P-T paths for rutile and phengite eclogites, assuming the amphibole inclusion as part of post-peak assemblages. Abbreviations: Ep-AM = epidote amphibolite; AM = amphibolite; EC = eclogite; GR = granulite. Reaction lines: Dia = Gr, after Bundy (1980) ; Rt + Grt + Coe + H2O = Sph + Zo, after Harley and Carswell (1995) .
